Background: Low maternal vitamin D status has been associated with several adverse outcomes during pregnancy. The aim of the study was to evaluate the vitamin D levels in preeclamptic and healthy pregnant women and the role of vitamin D deficiency in the etiology of preeclampsia. Methods: In this case-control study, 80 preeclamptic women and 80 healthy pregnant women were selected from Motahari hospital in Urmia, Iran. 2 ml of venous blood sample was collected from each pregnant woman and the serum 25-OH-D level was measured by Enzyme-Linked Immunosorbent Assay (ELISA) and reported in nanograms per milliliter. levels of 25-OH-D less than 10 ng mL
Introduction
Preeclampsia is a disorder that can happen after 20 weeks of gestation and characterized by high blood pressure (BP ≥ 140/90 mm Hg) and proteinuria. This syndrome occurs in 2-8% of pregnancies and lead to 25% of the perinatal morbidity and mortality all over the world [1] . Factors that may increase the occurrence of preeclampsia include: obesity, diabetes, nulliparity, chronic kidney diseases, chronic hypertension before pregnancy, immune disorders, family history of preeclampsia, twin or multiple pregnancy and a personal history of preeclampsia [2] . The activation of maternal inflammatory system due to abnormal placental development, which induces oxidative stress, is the probable origin of preeclampsia [3] . Recent epidemiological studies have emphasized the role of vitamin D deficiency in the development of preeclampsia [4, 5] . Vitamin D may play a part in the etiology of preeclampsia by modulating immune function and inflammatory response [6] and regulating the transcription and function of genes related to placental normal implantation and angiogenesis [7, 8] . Although many [4, [9] [10] [11] [12] observational studies suggest vitamin D deficiency is a risk factor for preeclampsia, the relation between maternal vitamin D deficiency and the risk of preeclampsia is still disputed and results of literature review are controversial [13] [14] [15] .
High prevalence of vitamin D deficiency in Iranian women with a special culture and lifestyle [9] and its relation with pregnancy related outcomes and lack of information about the association between vitamin D and preeclampsia in northwest of Iranian women, encouraged us to undertake a study to clarify the link between vitamin D levels and preeclampsia. The aim of this study was to explore the relation between serum vitamin D level and preeclampsia in northwest Iranian women.
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Study design and population
This case-control study was carried out on 80 preeclamptic women, who were selected from Motahari educational hospitals in urmia, northwest of Iran, from January to May 2016. Eighty healthy pregnant women were selected among women who attended motahari hospital with labour pain as the control group (the control group were not matched with the case group). This study was approved by the research and ethics Committee in urmia University of Medical Sciences and written informed consent was obtained from all women recruited into the study.
The inclusion criteria were singleton and term pregnancy, no known medical disorders (hypertension, diabetes, kidney, etc.), no history of vitamin D intake during pregnancy, no smoking and no BMI more than 30. The presence of hypertension (systolic blood pressure (SBP) ≥ 140 mmHg and diastolic blood pressure (DBP) ≥ 90 mmHg) on 2 occasions at least 6 h apart after 20 weeks of gestation with detectable proteinuria greater than 0.3 g/24 h was the diagnostic criteria for preeclampsia [16] . A gynecologist confirmed the pre-eclampsia in participants. Details regarding complication in pregnancy, labour and delivery, were collected from the hospital record files and a checklist was utilized for the results of the blood tests. Before labour onset a blood sample (5 ml) was drawn from each participant and sent to the laboratory where the blood samples were centrifuged at 3500 rpm at 4°C for 10 min and stored at −25°C until evaluation.
Laboratory method description
The serum 25-OH-D concentration was measured using an Enzyme Linked Immunosorbent Assay (ELISA) and results were reported as ng/ ml. The IDS 25-OH-D EIA kit is an enzyme immunoassay for quantitation of 25-OH-D. We classified participants with deficiency if the vitamin D level is < 10 ng/ml, between 10 and 30 ng/ml it is considered as insufficiency, and if it is > 30 ng/ml, it is considered within the normal range.
Statistical analyses
Data entry and analysis were done using SPSS version 19 (SPSS Inc., Chicago, IL, USA). The Kolmogorov-Smirnov test was used for testing normality. The independent t-test was used for the data with normal distribution. Vitamin level and BMI did not have normal distribution and the Mann-Whitney U test was used for comparing two groups. The chi-square test was used for comparing categorical data between two groups. Logistic regression was used to estimate the effect of vitamin D levels on preeclampsia risk after adjusting for potential confounders (age and BMI).
Results
In this study, 80 healthy normotensive pregnant women and 80 preeclamptic women were included. Pregnancy demographic and outcomes are summarized in Table 1 . Patients with preeclampsia were noted to be older with a greater prepregnancy body mass index. No statistically significant differences were found in gravidity and parity between two groups. Weeks of pregnancy were significantly lower in the preeclamptic group compared to the healthy group (37.6 ± 1.59 and 39.2 ± 1.18 weeks, respectively, p < 0.001). Consequently the two groups showed a significant difference regarding the systolic and diastolic blood pressure (p < 0.001). The mean serum level of 25-OH-D in preeclamptic group was significantly lower than that in the healthy group (15.27 ± 3.52 vs. 23.84 ± 6.93, p < 0.001) as shown in Fig. 1 . None of the women in the healthy group demonstrated preeclampsia after delivery. Multiple logistic regressions were used to evaluate the relationship of maternal plasma 25-OH-D on the odds of getting preeclampsia. The adjusted odds ratio showed that Vitamin D deficiency was significantly higher in the preeclampsia group [odds ratio (OR) = 4.79, confidence interval (CI) = 1.45-9.87, P = 0.01]. Results of this analysis are presented in Table 2 . Women with age 30-35 years were more prone to get preeclampsia compared with the healthy group (OR = 2.96, CI = 1.42-4.47, P = 0.01). In this research, women with BMI more than 30 were excluded from study; the results showed that in women with BMI 25 to 29.9, preeclampsia is more common (OR = 3.49, CI = 1.04-5.65, P = 0.01) ( Table 2 ).
Discussion
The present study was aimed to investigate the relationship between preeclampsia which is one of the most serious forms of hypertensive disorders in pregnancy and levels of serum 25-OH-D. Factors that play a role in the pathogenesis of preeclampsia have not yet been completely understood [17] . In recent years various studies have supported the hypothesis of the role of vitamin D in the etiology of preeclampsia [9] [10] [11] 18, 19] . Vitamin D is considered as having an immunomodulatory and anti-inflammatory role in many systems [20] [21] [22] and also has been suggested to play a role in major signal and gene regulations in the early developmental phase of placenta [23] and based on the literatures Placental abnormalities associated with preeclampsia [24] . Furthermore, there is evidence that vitamin D metabolites protect endothelial cells from oxidative stress and minimize the effects of exposure to preeclampsia-related factors [25, 26] . In addition, active vitamin D influences the renin-angiotensin-aldosterone system, including the regulation of blood pressure [27] . During pregnancy decidua, placenta and maternal kidney production of 25-OH-D is increased, which in turn can increase the level of vitamin D of mothers. This function is necessary to increase the calcium absorption in the body of the pregnant women in order to increase the calcium requirements of the baby [28] . Various studies have reported that cellular immune abnormalities can negatively affect pregnancy outcome [29] . Vitamin D is thought to play a significant role in modulating of immune responses during pregnancy [8] . It may help mount an appropriate maternal immune response to the placenta preventing the release of anti-angiogenic factors into the bloodstream and modulating hypertension [50] . For example, 1,25(OH)2D suppresses T cell receptorinduced T cell proliferation, altering the cytokine expression profile and diminishing the production of γ-interferon and interleukin-2 [30] . There is a growing interest in the role of maternal vitamin D status in the pathophysiological development of preeclampsia. It has been reported that serum levels of inflammatory cytokines, such as IL-6, TNFand IL-10, are obviously elevated in women with preeclampsia [31, 32] . Vitamin D has immunosuppressive effects, and vitamin D deficiency is reported to be associated with increased secretion of proinflammatory cytokines in healthy women [33] . In vitro studies have shown that 1,25(OH)2D3 could modulate IL-6 and TNF-α expression by suppressing NF-κB [34, 35] . It is also found that vitamin D inhibits activation and proliferation of T cells and stimulates the IL-10 secretion and Tregulatory cell production, which are vital in maternal immune tolerance for normal placenta implantation [36] .
Acknowledging the role of vitamin D in preeclampsia, this study was done to find out the relationship between preeclampsia and levels of serum 25-OH-D in pregnant women in Iran. A study in Iran showed that 46% of pregnant women during summer and 86% of them during winter had hypovitaminosis D [37] . The social and cultural traditions for the women to cover their skin when going outside their homes and preference of the women to avoid direct sunlight decrease the exposure to sunlight and lead to increase prevalence of vitamin D deficiency in Iranian women [9] . The results of this investigation showed that the mean of 25-OH-D in pre-eclamptic women was significantly lower than in healthy pregnant women. This study finding is consistent with other studies [38, 39] . In 2007 nested case control study by Bodnar et al.
showed that Preeclamptic women had 2.5 times more chances of vitamin D deficiency in early pregnancy after adjusting for potential confounders including BMI [4] . Nested case-control study by Baker et al. found that women who had < 50 nmol/l (20 ng/ml) of 25-OH-D3 had a 4-fold increase in severe preeclampsia [40] . In 2010, Shin et al. expressed that in pregnancy vitamin D is produced by the placenta and acts on placenta to modulate implantation, cytokine production, and immune response to infection. They concluded that for optimal maternal and neonate health, sufficient vitamin D intake during pregnancy is necessary [41] . In 2011, Dror et al. reported that vitamin D has a key role in regulating the pathways involved in the pathogenesis of preeclampsia [42] . A cohort study in 2009 by Haugen et al. showed that women having higher vitamin D intake (15-20 µg/day as compared to < 5 µg/day) had a low rate of preeclampsia (odds ratio [OR] 0.76, 95% CI 0.6-0.95) [43] . Studies in Middle Eastern countries have found that vitamin D deficiency is very common among pregnant women [44, 45] . In 2013 a study by Ullah et al. showed that vitamin D supplementation can effectively lower the risks of both preeclampsia and eclampsia in the pregnant women at risk for vitamin D deficiency [11] . In this study, our results revealed that vitamin D deficiency in pregnancy was associated with almost 5-fold odds of severe preeclampsia (OR = 4.79, CI = 1.45-9.87, P = 0.01). This result is in line with Abedi et al.'s study which reported that vitamin D deficiency is a significant risk (OR = 24.04, CI = 2.10-274.8, P = 0.01) for preeclampsia. Our results showed that there is a statistically significant relationship between 25-OH-D deficiency and preeclampsia. According to these results maternal vitamin D deficiency in pregnancy may be associated with an increased risk of preeclampsia and lower serum concentration of 25-OH-D among preeclamptic women signifies the underlying role of vitamin D deficiency in pathogenesis of the preeclampsia. In this study we did not have the resources to measure serum vitamin D-binding protein (VDBP) in our samples. VDBP increases during pregnancy, whereas 25-OH-D remains constant (38) . Our findings, which reflect total (free and bound) 25-OH-D, may therefore overestimate the available 25-OH-D to perform physiological functions so we recommend that Future investigations concurrently measure VDBP levels and calculate free vitamin D levels when considering the role of vitamin D in preeclampsia. We also lacked data on PTH concentration, which would have provided a functional indicator of vitamin D status. A limitation of this study was the lack of information on the precise ingestion of vitamin D-containing multivitamins, calcium supplements and long chain fatty acids. Future studies with data on calcium and long chain fatty acids intake and vitamin D status will need to further disentangle the effect of each on preeclampsia risk. Another limitation was the late gestation age at sampling across the two groups. Samples were collected at the time women presented in labor, at one time point. Other studies have shown difference in outcome depending on when the vitamin D sample was collected, i.e. first trimester vs. third trimester. Plausible reason was the late referral of the most pregnant women (after the first trimester) to maternity clinic.
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